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Abstract 
Impact damage is one of the major concerns in maintenance of structures built from composite materials. For example damages 
induced by impact in composite overwrapped pressure vessel (COPV) operating in space conditions required an innovative 
approach for structural health monitoring (SHM) with piezoelectric transducers. Automated impact detection and characterization 
on structures has been an elusive goal due to the transitory nature of the detectable signals involved. The work describes the 
development of a real-time electronic system for automated impact detection on a scale model of COPV using piezoelectric 
transducers connected to a mixed analog-digital electronics. 
© 2014 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the scientific committee of Eurosensors 2014. 
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1. Introduction 
Damage detection in composite materials can be divided into active and passive approaches. The active approach 
is usually based on various non-destructive techniques utilizing actuators and receivers [1][2][3][4][5][6]. In contrast 
passive approaches do not involve any actuators; receivers are used to “sense and/or hear” any perturbations caused 
by possible hidden damage. The assumption is that damage occurs above well-defined energy of impacts. The 
acquisition method does not require any sophisticated instrumentation but relies on advanced signal processing. An 
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array of piezoelectric sensors (piezopolymer and piezoceramic) has been used (see Fig. 1) to detect ultrasonic and 
acoustic  waves  generatedby an impact applied to the composite structure. 
In addition to detect an impact, is interesting to locate impact position with adequate precision respect to the 
smaller dimension of a significant defect. Conventional triangulation techniques fail to correctly predict the acoustic 
source location in anisotropic plates due to the direction dependent nature of the elastic wave speeds. To overcome 
this problem, Kundu et al. [7] and TaliehHajzargerbashi [8] proposed an alternative method for acoustic source 
prediction based on optimizing an objective function. They defined an objective function that uses the time of flight 
information of the acoustic waves to the passive transducers attached to the plate and the wave propagation direction 
from the source point to the receiving sensors. 
This objective function has been applied to our system basing on the minimization of the errors of the difference 
between time of flight of the ultrasonic signals from the impact point to transducers positions. 
 
 
 
Fig. 1. Piezoelectric transducers used for the impact detection on scale model of COPV. (a) piezopolymer interdigital transducer (IDT); (b) 
piezoceramic transducer [Acellent Technologies Inc]. 
2. The objective function implemented 
The general form of the objective function implemented for n transducers is: 
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Where n is the number of the transducers, (xi,yi) are the coordinates of the i-th transducer, (x0,y0) is the 
coordinates of the impact point, v(ϑ) is the propagation velocity of the ultrasonic wave and ti is the time-of-flight 
between the impact point and the i-th transducer. 
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This function is minimized in the unknown impact point (x0, y0) so the impact point coordinates will be represent 
the minimum error E. 
3. Laboratory Set-up 
A laboratory set-up for automated impact detection is shown in Fig. 2 and 3. The set-up is composed by a 
customized handmade impactor for generating low energy impacts on a scale model of COPV and 4 piezoelectric 
transducers bonded on the surface of the COPV. The real time electronic is composed by a transducer signal 
conditioning, a high performance ADC TI AFE5851 evaluation board (16 channel VGA, 12 bit, ADC) with 
TSW1250 FPGA board for data reading and transfer by a serial bus. The bandwidth of the received signals is about 
20kHz @ -6dB with the maximum range of 1Vpp. 
 
Fig. 2. Laboratory set-up for automated impact detection. (a) customized handmade impactor; (b) scale model of COPV; (c) acquisition boards; 
(d) PC equipped with real-time algorithm. 
 
Fig. 3. Transducers displacement on a scale model of COPV. IDT1-IDT4 are piezopolymer interdigital transducers; UT1-UT4 are piezoceramic 
transducers; (a) impact point. 
4. Test results 
A real-time algorithm that implement the objective function has been developed. The output of the algorithm is a 
viewgram that shows the impact area and the prediction of the impact position. An example is shown in Fig. 4. In 
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this example the monitoring area is 300mm x 200mm, the impact position coordinates are (100,140) mm and the 
localization error using piezopolymer transducers [1] or piezoceramic transducers connected to the electronics is 
about 20mm. A video of an experiment with the real time display of the estimated impact on a 3D model COPV will 
also presented. 
 
Fig. 4. Resulting viewgram as output of the real-time algorithm based on Matlab® software. (a) Impact point; (b) Impact area predicted by four 
piezopolymer transducers (IDT1-IDT4); (c) Impact area predicted by four piezoceramic transducers used (UT1-UT4). 
4. Conclusions 
This paper presented a new real-time system for automated impact detection on aircraft structures using 
piezoelectric transducers. An objective function has been implemented to our system in order to assess the impact 
point caused by collision with other bodies or particle debris. The accuracy found with four transducers on a COPV 
is better than 20 mm. Finally, a multichannel high-speed data acquisition and a real-time algorithm processing was 
developed in order to display on a 3D model COPVthe estimated impact area. The validation of this technique with 
a laboratory set-up has pushed the scientific research toward the installation of two arrays of 8 transducers each on a 
full scale model of a COPV [9] and the integration of the real time impact detection in a new real-time diagnostic 
system capable to investigate the damages induced by an impact by active ultrasonic Lamb waves.  
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